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Survey of Experimental Data of Thermophysical
Properties for Difluoromethane (HFC-32)'

0. Sifner?

A survey of experimental data for HFC-32 was prepared at the Institute of
Thermomechanics in connection with planned experiments. In tabular form,
surveys of thermodynamic, transport, and other property measurements, includ-
ing prT behavior, second virial coefficient, vapor pressure, saturation densities,
critical parameters, heat capacities, speed of sound, thermal conductivity,
viscosity, surface tension, refractive index, dielectric constant, and dipole
moment, are presented. Tables include author(s) name(s), reference, year of
publication, ranges of measurements, number of points, stated uncertainty,
sample purity, and experimental method.

KEY WORDS: critical parameters; dielectric constant; difluoromethane;
dipole moment; heat capacities; HFC-32; pe T behavior; refractive index; satura-
tion densities; second virial coeflicient; speed of sound; surface tension; survey;
thermal conductivity; vapor pressure; viscosity.

1. INTRODUCTION

In connection with planned experiments, we have prepared a critical bibli-
ography of experimental data and property equations for 13 thermophysi-
cal properties of diffluoromethane, which is based on 134 literature sources
published to the end of 1997. HFC-32 is an alternative refrigerant with
application at low temperatures. Its mixtures with other refrigerants such
as HFC-134a, HFC-125, HFC-152a, and HFC-143a are considered to be
the most promising alternatives for HCFC-22 and the azeotropic mixture
R-502.

8]
-

! Paper presented at the Thirteenth Symposium on Thermophysical Properties, June 22
1997, Boulder, Colorado, U.S.A.

2 Institute of Thermomechanics, Thermodynamic Laboratory, Dolejskova S, CZ 182 00
Praha, Czech Republic.
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2. DATA SURVEY

Summaries of experimental measurements are presented in tabular
form. (See Tables I to XIIL) In this section is presented additional informa-
tion not included in survey tables. Authors usually also give correlation
equations of the studied property comprising their own data only or a set
of selected measurements and comparisons. More information on correla-
tion expressions, comparisons, and available equations of state are given in
Ref. 1.

Measurement techniques for vapor pressure comprised a wide range of
methods depending on the pressure range. Most methods for the measure-
ments in the low-pressure region, approximately below 200 kPa, are time-
consuming and relatively inaccurate. Recently, three estimation procedures
appeared in the literature which make it possible to extrapolate vapor
pressure from the normal boiling temperature down to the triple point.
They are applied by Liiddecke and Magee [ 17] using heat capacity mea-
surements, by Tillner-Roth [ 33] employing a nonlinear regression analysis
based on the Clausius—Clapeyron equation and a simple relation of the
enthalpy of vaporization, and, finally, by Duatre-Garza and Magee [34]
based on the measured internal energy changes.

The triple-point temperature and enthalpy of fusion were measured by
Liddecke and Magee [17] on three samples: 7\, =136.34 +0.03 K and

Table II. Second Virial Coefficients of HFC-32

Temperature

Author(s) Ref. Year range (K} Uncertainty (%) Method”
Dymond and Smith 19 1980 289-349 <10 1

273-323 <10 1
Weber and Goodwin 21 1993 200-250 2-5 2
Qian et al. 7 1993 290-370 — 3
Bignell and Dunlop 78 1993 290-310 +2 c¢m?. mol ~!
Sato et al. 5 1994 340-420 ] 4
Hozumi et al. 22 1994 273-340 (1) 5
Defibaugh et al. 8 1994 373.14 3

(268-373) 2
Zhang et al. 23 1995 290-370 <4 6
Sun et al. 48 1997 273-333 — 2
Yokozeki et al. 24 1997 180-550 0.1 7

? Methods: (1) from compressibility data by Fogg et al. [20] and Malbrunot et al. [2];
(2) estimated/calculated; (3) from graphical analysis of isotherms (= — 1) p vs. p; (4) by fitting
truncated virial equation of state; (5) from low pressure speed-of-sound measurements;
(6) improved analysis of Burnett measurement; (7) analysis applying Stockmayer potential.
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Table X. Surface Tension Measurements of HFC-32

Temperature No. of Uncertainty Sample purity

Author(s) Year  Ref. range (K)  points (mN-m ') {mass %) Method“
Okada and Higashi 1994 71 273-333 13 +0.2 99.98 DCRM
Schmidt and Moldover 1994 41 297-350 10 (+0.15) 999 DCRM
Zhu and Lu 1994 72 268-334 13 — 99.95 DCRM

“ DCRM, ditferential capillary-rise method.

Table XL Refractive Index of HFC-32

Temperature No. of Wavelength Sample purity
Author(s) Year Ref  range (K) State  points (nm) (mass %) n.
Schmidt and Moldover 1994 41 296-7.  Sat. liq 14 633 99.9 1.0828
Sat. vap 14
Yata et al, 1996 42 313-7T, Sat. liq 28 545 99.5 1.0854
Sat. vap 28

Table XII. Dielectric Constant of HFC-32

Temperature Pressure No. of Uncertainty

Author(s) Year Ref. Phase range (K) range (MPa) points (%)
Tremaine and Robinson 1973 73 Sat. lig 152-224 Py 8 +0.8
Meyer and Morrison 1991 74 Gas 308-411 0-0.45 54 na.
Nieto de Castro et al. 1995 75 Liq 208-303 2-17 165 0.1

4 All measured with capacitance cells.

Table XHIL Dipole Moment of HFC-32

Author(s) Year Ref. Method (D)
Lide 1951 76 From Stark effect measurements 1.96 +0.02
Kawaguchi and Tanaka 1977 77 From analysis of Stark spectrum 1.9785 +0.0021

Meyer and Morrison 1991 74 Calculated from dielectric measurements  1.978 + 0.007
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AH,,,=4356 4130 kJ-mol ~". The triple-point pressure was estimated by
Tillner-Roth to be 50.70 +0.14 Pa [33], while that calculated from the
equation of state by Outcalt and McLinden [35] is 46.9 Pa. This value is
in good agreement with the value of 46.5 Pa recently evaluated by Duarte-
Garza and Magee [34] using the internal energy method.

A small difference exists in the critical parameters used in equations of

state derived by Japanese and U.S. researchers:

T. (K) pe (MPa) pe (kg-m=%)
Japan 351.255 5.780 424
USA. 351.35 5.795 427

The low-pressure speed-of-sound data were used to derive the second
acoustic virial coefficients, ideal-gas heat capacities, and the second virial
coefficients. Discrepancies among various sets of thermal conductivity
indicate that the quoted uncertainties are overestimated. There is a suspi-
cion that not all measurements of thermal conductivity were published
until recently since the mutual discrepancies exceeded the stated accuracy.
Large discrepancies observed in the measured liquid viscosities are
attributed mostly to the impurities in the samples, the electrolyte effect, and
the incapability of instruments to be calibrated with water.

ACKNOWLEDGMENT

This article is based on activities supported by the Grant Agency of
the Czech Republic under Agreement No. 101/95/1369.

REFERENCES

1. O. Sifner, Bibliography of Thermodynamic and Transport Propertics und Equations of State
Jor HFC-32, Report Z-1241/97 (Institute of Thermomechanics AS CR, Praha, 1998).

2. P. F. Malbrunot, P. A. Meunier, and G. M. Scatena, W. H. Mears, K. P. Murphy, and
1. V. Sinka, J. Chem. Eng. Data 13:16 (1968).

3. A. Nishimura, Z.-Y. Qian, H. Sato, and K. Watanabe, in Proc. /3th Jupan Symp.
Thermophys. Prop., Akita (1992), p. 57 (in Japanese).

4. T. Sato, H. Sato, and K. Watanabe, in Proc. 13th Jupan Symp. Thermophys. Prop., Akita
(1992), pp. 41-44 (in Japanese).

S. T. Sato, H. Sato. and K. Watanabe, J. Chem. Eng. Data 39:851 (1994).

6. C.-C. Piao, M. Noguchi, H. Sato, and K. Watanabe, Proc. 1993 JAR Ann. Conf. (1993),
pp. 13-16 (in Japanese).

7. Z-Y. Qian, A. Nishimura, H. Sato, and K. Watanabe, Inr. J. JSME Ser. B Fluids Therm.
Eng. 36:665 (1993); also in Proc. 12th Jup. Svmp. Thermophys. Prop. (1991}, p. 73.

8. D. R. Defibaugh, G. Morrison, and L. A. Weber, J. Chem. Eng. Data 39:333 (1994),



Survey of Data for HFC-32 1665

9.

10.

11

12.
13.

17.
18.

O

[N TSP T N (]
- = O

[R5 )
[~ IR

29.
30.
31

32.
33.
34.
35
36.
37.

38.
39.

40.

J. C. Holste, H. A. Duarte-Garza, and M. A. Villamanan-Olfos, ASME Winter Annual
Meeting, New Orleans, LA (1993), 93-WA/HT-60.

C. Baroncini, R. Camporese, G. Giuliani, G. Latini, and F. Polonara, High Temp.-High
Press. 25:459 (1993).

A. J. Grebenkov, V. P. Zhelezny, P. M. Klepatsky, O. V. Beljajeva, Yu. A. Chernjak,
Yu. G. Kotelevsky, and B. D, Timofjev, Int. J. Thermophys. 17:535 (1996).

J. W. Magee, Int. J. Thermophys. 17:803 (1996).

C. Bouchot and D. Richon, in Proc. lIR CFCs, The Day After, Padova, ltaly (1994},
Comm Bl, B2, El, E2, pp. 517-524.

. Y.-D. Fu, L.-Z. Han, and M.-S. Zhu, Proc. 19th Int. Congr. Refrig., 1IR, Vol. IVa (1995),

pp. 201-206.

. M. Fukushima, S. Ohotoshi, and T. Miki, Proc. 19th Int. Congr. Refrig., 1IR, Vol. IVa

(1995), pp. 207-214,

. M. Takahashi, M. Shibasaki-Kitakawa, Ch. Yokoyama, and S. Takahashi, J. Chem. Eng.

Data 40:900 (1995).

T. O. D. Liiddecke and J. W. Magee, /nt. J. Thermophys. 17:823 (1996).

B. de Vries, Thermodynamische Eigenschaften der alternativen Kaltemittel R-32, R-125 uned
R-134a, Dissertation, Forschungsberichte des Deutschen Kalte- und Klimatechnischen
Vereins No. 55 (1997).

. J. H. Dymond and E. B. Smith, The Virial Coefficients of Pure Gases and Mixtures

{Clarendon Press, Oxford, 1980), p. 27.

. P. G. T. Fogg, P. A. Hanks, and J. D. Lambert, Proc. Roy. Soc. A 219:490 (1953).

. L. A. Weber and A. R. H. Goodwin, J. Chem. Eng. Duata 38:254 (1993).

. T. Hozumi, H. Sato, and K. Watanabe, J. Chem. Eng. Data 39:493 (1994).

. H.-L. Zhang, H. Sato, and K. Watanabe, Proc. 19th Int. Congr. Refrig., 1IR, Vol. [Va

(1995), pp. 622-629.

. A. Yokozeki, H. Sato, and K. Watanabe, fur. J. Thermophys. 20:141 (1999),
. A. Kanungo, T. Oi, A. Popowicz, and T. Ishida, J. Phys. Chem. 91:4198 (1987).
. J. V. Widiatmo, H. Sato, and K. Watanabe, Proc. 3rd Asiun Thermophys. Prop. Conf.

(1992), pp. 364-369.

. J. V. Widiatmo, H. Sato, and K. Watanabe, J. Chem. Eng. Data 39:304 (1994).
28.

C. D. Holcomb, V. G. Niesen, L. J. Van Poolen, and S. L. Outcalt, Fluid Phase Equil.
91:145 (1993).

M. S. Zhu, J. Li, and B. X. Wang, Int. J. Thermophys. 14:1221 (1993).

M. Nagel and K. Bier, DKV-Tugungsbericht 20 {1993), Band 111, pp. 39-59 (in German).
M. Tiirk, J. Zhai, M. Nagel, and K. Bier, Forschritt-Bericht VDI, Reihe 19, No. 79 (1994)
(in German).

L. A. Weber and A. M. Silva, J. Chem. Eng. Data 39:808 (1994).

R. Tillner-Roth, Int. J. Thermophys. 17:1365 (1996).

H. A. Duarte-Garza and J. W. Magee, Int. J. Thermophys. 18:173 (1996).

S. L. Outcalt and M. O. McLinden, Int. J. Thermophys. 16:823 (1995).

Y. Higashi, /nt. J. Refrig. 17:524 (1994).

S. Kuwabara, H. Aoyama, H. Sato, and K. Watanabe, in Proc. 13th Jap. Symp. Thermo-
phys. Prop. (1992), pp. 69-72 (in Japanese); later published in J. Chem. Eng. Data 40:112
(1995).

M. O. McLinden, Int. J. Refrig. 13:149 (1990).

R. R. Singh, A. E. Lund, and 1. R. Shankland, Proc. CFC Halon Conf., Baltimore, MD
(1991), pp. 451-459.

M. O. McLinden, M. L. Huber, and S. L. Outcalt, Proc. ASME Winter Ann. Meet., New
Orleans, LA (1993), paper 93WA/HT-29.



16

41.
42,
43,
44.
45.

46.

47.
48.
49.
50.

51,

52.
53.
54.

S5.

56.
5T.
58.
59.
60.

61.
62.
63.
64.
65.
66.
67.
68.

69.
70.

71,
72,
73.
74.
75.

76
77
78

66 Sifner

J. Schmidt and M. R. Moldover, J. Chem. Eng. Data 39:39 (1994).

J. Yata, M. Hori, H. Kawakatsu, and T. Minamiyama, Int. J. Thermophys. 17:65 (1996).
L. J. Van Poolen and C. D. Holcomb, Fluid Phase Equil. 129:105 (1997).

T. Tagaki, High Temp.-High Press. 25:685 (1993).

A. J. Grebenkov, Yu. G. Kotelevsky, V. V. Saplitza, O. V. Beljaeva, T. A. Zajatz, and
B. D. Timofeev, Proc. IIR CFCs, The Day After, Padova, ltaly (1994), Comm. BI, B2, El,
E2, pp. 419-429.

O. V. Beljaeva, A. J. Grebenkov, T. A. Zajatz, and B. D. Timofeev, Cholodilnaju Tech.,
No. 1 (1995), pp. 26-27 (in Russian).

T. Hozumi, H. Sato, and K. Watanabe, J. Chem. Eng. Duta 15:1187 (1996).

L.-Q. Sun, Y.-Y.Duan, L. Shi, M.-S. Zhu, and L.-Z. Han, J. Chem. Eng. Datu 42:795 (1997).
M. Yomo, H. Sato, and K. Watanabe, High Temp.-High Press. 26:685 (1993).

A. S. Rogers, Thermodynamic Tables of Non-Hydrocarbons (Thermodynamics Research
Center, Texas A&M University, College Station, 1981), p. 6690; A. S. Rogers, J. Chao,
R. C. Wilhoit, and B. J. Zwolinski, J. Phys. Chem. Ref. Data 3:131 (1974).

W. Chase, JANAF Thermochemical Tubles, 3rd ed., J. Phys. Chem. Ref. Data 14:Suppl. |
(1985).

W. Tauscher, ASHRAFE J. 11:.97 (1969).

M. Papadaki and W. A. Wakeham, Int. J. Thermophys. 14:1215 (1993).

V. Z. Geller and M. E. Paulaitis, Presented at /2th Symp. Thermophys. Prop., Boulder,
CO (1994).

Z. A. Geller, M. E. Paulaitis, D. B. Bivens, and A. Yokozeki, Proc. [IR CFCs, The Day
After, Padova, ITtaly (1994), Comm. Bl, B2, El, E2, pp. 403-410.

Y. Tanaka, S. Matsuo, and S. Taya, Int. J. Thermophys. 16:121 (1995).

S. T. Ro, J. Y. Kim, and D. 8. Kim, In1. J. Thermophys. 16:1193 (1995),

M. J. Assael and L. Karagiannidis, Int. J. Thermophys. 16:851 (1995).

U. Gross and Y. W. Song, Int. J. Thermophys. 17:607 (1996).

J. Yata, M. Hori, K. Kobayashi, and T. Minamiyama, Proc. 14th Japan Symp. Thermo-
phys. (1993), p. 413; Int. J. Thermophys. 17:561 (1996).

L.-Q. Sun, M.-S. Zhu, L.-Z. Han, and Z.-Z. Lin., J. Chem. Eng. Data 42:179 (1997).

X. Gao, Y. Nagasaka, and A. Nagashima, Int. J. Thermophys. 19:415 (1998).

T. W. Phillips and K. P. Murphy, J. Chem, Eng. Data 15:304 (1970).

C. M. B. P. Oliveira and W. A, Wakeham, Int. J. Thermophys. 14:1131 (1993).

D. Ripple and O. Matar, J. Chem. Eng. Data 38:560 (1993).

M. J. Assael, J. H. Dymond, and S. K. Polimatidou, /nt. J. Thermophys. 15:591 (1994).
P. I. Dunlop, J. Chem. Phys. 100:3149 (1994).

V. Z. Geller, M. E. Paulaitis, D. B. Bivens, and A. Yokozeki, Int. J. Thermophys. 17:75
(1996).

L.-Q. Sun, M.-S. Zhu, L.-Z. Han, and Z.-Z. Lin., J. Chem. Eng. Data 41:292 (1996).

R. Heide, DKV—Tagungsbericht 1996, Leipzig (1996), Arbeitsabteilung 11.1, Bd. IL1,
pp. 225-241 (in German).

M. Okada and Y. Higashi, Int. J. Thermophys. 16:791 (1995),

M.-S. Zhu and Ch.-X. Lu, J. Chem. Eng. Data 39:205 (1994).

P. Tremaine and M. G. Robinson, Can. J. Chem. 51:1497 (1973).

Ch. W. Meyer and G. Morrison, J. Chem. Eng. Data 36:409 (1991).

C. A. Nieto de Castro, F. J. V. Santos, and U. V. Mardolcar, Ins. Congr. Refrig. 1IR,
Vol. IVa (1995), pp. 436-441.

. D. R. Lide, Jr., J. Am. Chem. Soc. 74:3548 (1952).

. K. Kawaguchi and T. Tanaka, J. Mol. Spectrosc. 68:125 (1977).

. C. M. Bignell and P. J. Dunlop, J. Chem. Phys. 98:4889 (1993).



